Introduction
Approximately 50 million people globally suffer from epilepsy, of whom ~85% live in developing countries. 1 According to the World Health Organization, the annual incidence in developed countries is ~50 per 100,000 of the general population, whereas in developing countries the incidence is nearly 100 per 100,000. 1 The most recent prevalence studies conducted in South Africa in 2000 and 2014 reported a lifetime prevalence of 7.3/1,000 in children of a rural district and a crude adjusted prevalence of 7.0/1,000 in children of a rural northeast district.
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Epilepsy has a major impact on the general health of patients and influences the quality of life, performance at work and school, and everyday social life. 4 Furthermore, epilepsy carries an increased risk for seizure-related injuries and mortality compared with the general population. [5] [6] [7] [8] Although antiepileptic drug (AED) therapy does not offer a permanent cure to epilepsy, successful therapy can eliminate or reduce symptoms. Adherence to AEDs (defined as the extent to which patients are able to follow the recommendations for prescribed treatments) is subsequently a key to treatment success.
Nonadherence with medication is a complex problem that has many determinants. According to the World Health Organization, 9 the factors affecting adherence can be grouped into the following five dimensions: socioeconomic-related factors, health care team/health system-related factors, condition-related factors, treatment-related factors, and patient-related factors. Patients may be nonadherent at any time during their treatment, 10 eg, they may use more or less than the prescribed treatment or discontinue treatment prematurely. 11 Insufficient monthly supply (undersupply) of medication leads to inadequate treatment with subsequent uncontrolled seizures and poor quality of life, [12] [13] [14] [15] [16] [17] [18] morbidity, and mortality, 19, 20 whereas the oversupply of medication may lead to potential toxicities 21 and increased health care costs [22] [23] [24] [25] [26] [27] or wasted resources. 28 Both undersupply and oversupply of medicine are considered to be forms of nonadherence. 23, 29 The prevalence of nonadherence to AEDs in patients with epilepsy generally tend to be high, 9 ranging from 20% to 80% 13, 15, [30] [31] [32] [33] [34] depending on the populations studied, definition used for nonadherence, and research methods. 35 The assessment of adherence should be a routine action in the management of epilepsy -not only to improve patients' health, but also as a cost-saving initiative.
There is paucity of information on the prevalence and economic consequences of nonadherence in South Africa. The aim of this study was 1) to determine the adherence status to AEDs among epilepsy patients in the private health sector of South Africa and observe whether there is an association between the adherence status (modified medicine possession ratio [MPRm] categories) and age, sex, active ingredient prescribed, treatment period, and number of comorbidities, and 2) to determine the effect of nonadherence on the direct medicine treatment cost of AEDs.
Methods
Patients and study design
We conducted a retrospective, longitudinal study analyzing medicine claims data obtained from a South African pharmaceutical benefit management company. Continuously enrolled patients of all ages, who were prescribed one or more AEDs over a 6-year period from January 1, 2008 to December 31, 2013, were eligible for the analysis.
We extracted data regarding patient demographics (sex and date of birth) and pertinent prescription information (such as drug trade name, days supplied, dispensing date, quantity of medicine prescribed, and the Tenth Revision of the International Classification of Diseases [ICD-10] code per claim). The quality of the data was ascertained by means of several automated validation processes applied by the pharmaceutical benefit management company, such as data integrity validation and eligibility management.
This study was approved by the Health Research Ethics Committee of the North-West University (NWU-00179-14-A1). Permission for the use of the data was granted by the board of directors of the pharmaceutical benefit management company. The data were analyzed anonymously. Privacy and confidentiality of the data were maintained at all times, and therefore no patient or medical scheme could be traced.
inclusion criteria
Patients were included in the study if they 1) had a recorded diagnosis of epilepsy (ICD-10 code G40) during the study period in conjunction with a paid claim reimbursed through the prescribed minimum benefit (PMB) as part of the chronic disease list (CDL) for antiepileptic medicine; and 2) filled a prescription for single or multiple AEDs more than once during the study period ( Figure 1 ).
study population
A total of 45,250,902 prescriptions were analyzed. The study population was narrowed down to 20,210 patients receiving antiepileptic medication (defined as drugs from the Anatomical Therapeutic Chemical classification group: N03AA, N03AB, N03AE, N03AD, N03AF, N03AG, and N03AX) during the study period, by applying the inclusion criteria. Of these patients, 19,168 patients received more than one prescription for an AED over the study period (Figure 1 ).
Adherence measure
The MPRm measure was used as a proxy to determine adherence. The MPRm is an adherence percentage value that is an internationally accepted and well-documented method to calculate drug adherence in pharmacoepidemiological studies and chronic diseases. [36] [37] [38] [39] The MPRm measure is calculated from the medicine claims data by using the following formula: 40 
MPRm
Total days supplied 
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Adherence measures based on the MPRm provide an indication of the possession of the medicine by the patient; however, the consumption of the medication by the patient can only be assumed to follow from the possession. 41 On the basis of pharmacy refill data, patients with medications available 80% of the time have generally been categorized as adherent in the literature. 25, 42 The MPRm was thus considered acceptable if the calculated value is $80%, but #110%. An MPRm of less than 80% indicates undersupply of medication or the presence of refill gaps, so that possession is considered unacceptably low and nonadherent, whereas an MPRm greater than 110% (oversupply) was deemed unacceptably high and thus also nonadherent. Oversupply represents possible waste and exhaustion of resources, whereas undersupply represents opportunity cost. 28 
Measurement of direct medicine treatment cost
Direct medicine treatment cost of AEDs was calculated by summing the medical scheme contribution and patient co-payment associated with each AED. The direct cost of oversupply was calculated by multiplying the average direct medicine cost per day with the total number of days supplied, subtracting the number of days the patient was supposed to receive the medication. Opportunity cost (cost of undersupply) was determined by calculating the average direct medicine cost per day with the number of days the patient was supposed to have received the medication, subtracting the total number of days supplied. Medicine cost was calculated in South African rand and converted to US dollars (average conversion rate 2008-2013: 0.1238). 43 
study variables
Variables (age, sex, treatment period, active ingredients, and other comorbidities) were expressed using frequencies, percentages, mean, standard deviation (SD), and 95% confidence interval (CI).
Patient age was calculated at the date of the first dispensing on the database in relation to his/her date of birth, and was used to categorize patients into five age groups: 0#12 years, .12 to #18 years, .18 to #40 years, .40 to #65 years, and .65 years and older.
Treatment duration was calculated as the days from the first prescription for AEDs up to the date of the last prescription, and divided into three groups: #30 days; .30 to #120 days, and .120 days. The treatment period can be described as the number of days the patient was supposed to receive medication.
The comorbid conditions were considered to be those chronic conditions registered on the South African PMB CDL. By definition, the PMB CDL, as a feature of the Medical Schemes Act 131 of 1998, is a regulated compilation of 25 conditions requiring treatment for over 12 months that are most common to the country, are considered to be life-threatening, and conditions where cost-effective treatment will sustain and improve the quality of the member's life. Medical aid schemes are obliged to cover the costs related to the diagnosis, treatment, and ongoing care of these conditions, to the extent that this is provided for by way of a therapeutic algorithm for the specified condition. 44, 45 The CDL conditions were identified based on the presence of the following ICD-10 codes on claims reimbursed from patients' PMB benefits: Addison's disease (ICD-10 code E27.1), asthma (J45, J45.8), bronchiectasis (J47, Q33.4), cardiac failure (I50, I50.0, I50.1), cardiomyopathy (I42, I42.0, I25.5), chronic obstructive pulmonary disease (J43, J44), chronic renal disease (N03, N11, N18), coronary artery disease (I20, I20.0, I25), Crohn's disease (K50, K50.8), diabetes insipidus (E23.2), diabetes mellitus type 1 and 2 (E11.0-E11.9), dysrhythmias (I47, I47.2, I48), epilepsy (G40, G40.8), glaucoma (H40, Q15.0), hemophilia (D66, D67), 
statistical analysis
Data management and analysis were performed by the SAS program version 9.3 ® (SAS Institute Inc., Cary, NC, USA). A probability of P,0.0001 was considered statistically significant. The practical significance of the results was computed when the P-value was statistically significant.
The chi-square test was used to compare the statistically significant associations between two categorical variables. Cramer's V value was used to test the strength for any association or practical significance from the chi-square analysis. It could be interpreted as follows: effect size of 0.1 is small, effect size of 0.3 is medium, and an effect size of 0.5 is large.
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Results Table 1 displays the basic characteristics of the study population. The mean age of the 19,168 patients in the study population was 45.61 (SD =21.96) years, with more than half of these patients being women (Table 1) .
Of the total 47,407 AEDs claimed during the study period ( (Table 2) .
Treatment period was statistically and practically significantly associated with MPRm categories (P.0.0001; Cramer's V=0.208). AEDs prescribed for longer than 120 days were more likely to be associated with an acceptable MPRm than were AEDs prescribed for less than 30 days (Table 2 ).
In the majority of cases where AEDs (58.41%, N=47,407) were prescribed, the patients did not present with other comorbidities. Furthermore, the number of comorbid conditions were statistically but not practically significantly associated with MPRm categories (P#0.0001; Cramer's V=0.05) ( Table 2) . Table 3 shows the direct AED cost associated with the different MPRm categories. Medical aid schemes contributed 75.97% (US$14,972,164.61) toward the cost over the study period. AEDs with an unacceptably high MPRm amounted to US$736,376.23 (3.74%) of the total cost of AEDs over the 6-year period. One-third of AEDs had an unacceptably low MPRm, representing an opportunity cost of US$3,227,894.85 (16.38%) ( Table 3) .
Discussion
Nonadherence in patients taking AEDs is a major concern, not only in developed countries but also in middle-income countries such as South Africa. Although the 55.14% adherence rate described in this study was in range with findings from studies conducted on medical care claims databases 13, 15, [30] [31] [32] [33] [34] and studies conducted in the public health sector of South Africa (eg, 54.6% and 42.9%, respectively), 47, 48 it is still relatively poor compared to the advocated 80%. 25, 42 These findings underscore the importance of assessing adherence to AEDs in the South African health sector.
According to Garnett, 49 there are generally three types of factors that may influence medication adherence to AEDs in particular: 1) patient-related factors such as forgetfulness and stigmatization; 2) medication-related factors such as cost, side effects, number of medications prescribed, and dosing frequency; and 3) disease-related factors including seizure type and severity and duration of illness. Other factors that may also influence adherence to AEDs include not having 
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Jacobs et al enough medication on hand, 18 poor understanding and low health literary, 50, 51 impairment (eg, poor eye sight), 50 lack of counseling and/or communication skills, time and appropriate knowledge among health care workers, 48 changes to a new regime or a new formulation, 52 and socioeconomic status. 53 In this study, we identified a longer treatment period as potential predictor of adherence to AEDs, similar to several other studies. 31, 34, 54 According to Sweileh et al, 31 this may be due to the patients' realization of the benefits of adherence through time, or because they are willing to tolerate side effects of AEDs and adhere to their medication regimens as long as they are satisfied with the effectiveness of these regimens.
In our study, the relation between adherence status and age was statistically but not practically significant. The available literature is conflicting in its findings with regard to the association between age and adherence to AEDs, with some studies showing that younger patients were less adherent with AEDs, 55, 56 whereas others suggested otherwise, 31, 32 or no association. 57, 58 Explanations raised for these findings included that older patients may realize the importance and benefits of adherence and therefore be more adherent. 31, 32 On the other hand, studies that have shown that adherence decreases with increasing age 59, 60 indicated cost, medical insurance, or forgetfulness as main reasons for nonadherence. According to Cooper et al, 61 however, age by itself is not the determining factor in medication nonadherence. Many factors may combine to render a person less able to adhere to their medication regimens; these include the specific illness, the treatment time frame, medication regimen, and the cognitive/ affective status of the patient.
AED adherence was independent of sex in the present study. Women are generally less likely than men to be adherent in their use of chronic medications 60, 62 and to receive medication treatment and monitoring recommended by clinical guidelines. 62 According to Harden et al, 63 this may be ascribed to the stigma associated with epilepsy; however, this usually depends on the patient's situation and attitude. 64 Similar to findings by Baker et al 65 and Zeber et al, 66 the top three active ingredients that represented the highest adherence rate were oxcarbazepine, valproic acid, and phenytoin. These AEDs are given as first-line treatment, have available generics and the extended release forms 67 that make once-a-day dosing possible, 68, 69 which may be the reason for the high adherence rates observed in our study. Gabapentin and clonazepam, on the other hand, were more likely to be undersupplied, and topirimate and levetiracetam oversupplied, supporting results by Zeber et al showing that gapapentin use may significantly less likely to be adherent, whereas levetiracetam was positively associated with adherence. Drugs that cause cognitive difficulty or weight gain normally affect adherence, particularly if the patient has not been on treatment for long periods. 66 Weight gain and cognitive difficulty are commonly associated with the mood stabilizers such as valproic acid (sodium valproate) and to a lesser extent with carbamazepine, and some of the newer anticonvulsants such as vigabatrin and gabapentin. 70 Only ~40% of patients from our study population receiving AEDs presented with other comorbidities. There was also no practically significant association between the number of comorbidities and adherence as measured using the MPRm. Current literature studies report conflicting results, with some of these studies reporting a lower adherence with multiple comorbid conditions, 60, 71, 72 whereas others indicated a better adherence rate as the number of coexisting conditions increased. 30 Reasons cited for a lower adherence rate in patients with coexisting conditions include that they may require complex treatment regimens. As treatment complexity increases, patients' understanding of the treatment regimen may decrease, leading to failure to take medications as prescribed. 73 Treatment complexity may also interfere with symptom control. 56 Nonadherence to medication does not only have a negative impact on clinical outcomes, but also on the economic consequences. Undersupply of medication contributed to 16.38% of the total direct costs associated with AEDs in our study. These patients who were undersupplied in terms of medicine (30.58%) possibly did not receive adequate treatment and did not reach optimal therapeutic effect. On the other hand, oversupply of medication contributed to 3.74% of the total direct costs associated with AEDs on the database over the study period. Nonadherence to antiepileptic treatment therefore encompassed ~20% of cost in our study. South Africa spent ~8.9% of its Gross Domestic Product on health sector financing in 2013, way more than the 5% recommended by the World Health Organization. 74 One of the primary cost drivers of medical expenditure in the private health sector during this time has been medicines, accounting for 15.8% of the total spent by medical aid schemes during the 2012/2013 financial year. Other main contributors to medical scheme costs were hospitals and specialists, accounting for 36.4% and 23.3% of expenditure, respectively. 75 This underscores the importance of assessing prescription refill adherence to AEDs in the South African health sector, enabling prompt response to potential health concerns and avoiding unnecessary costs. 
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MPr of antiepileptic drugs Finally, our study adds to the limited literature on nonadherence to AEDs and associated cost implications in epilepsy patients in the private health sector of South Africa. The MPRm, albeit based on the assumption that patients take all medications for which they have prescriptions filled, allows for evaluation of adherence levels using pharmaceutical claims data. Limitations that should be considered when interpreting the results include that patients may also have acquired prescription medications from sources other than the pharmacies included in the database, or paid out-of-pocket for medicines, in which case the prevalence of nonadherence may be overestimated. The number of comorbidities investigated in the epileptic patients was a special group of diagnoses covered by the CDL in the PMB. These conditions were chosen due to the fact that they are covered by medical aid schemes (doctor's consultations, tests related to condition and medication cover), even if a member's benefits for the year have run out. The prevalence of comorbidities and their influence on adherence could therefore also be underestimated. Because we analyzed pharmaceutical claims data, we could not assess the pertinent reasons for patient's prescription refill adherence in our study.
Conclusion
We showed that the adherence with AEDs for epileptic patients in the South African private health sector as determined on the claims database was relatively poor. We furthermore established that the poor adherence with AED treatment contributed significantly to an added cost in the treatment of epilepsy in a middle-income country such as South Africa.
The responsibility for adherence must be shared by health professionals, the health care system, the community, and patients. 9 Awareness should therefore be created among health professionals with regard to current prescribing patterns of AEDs, the level of nonadherence, and the subsequent cost implications thereof. Further studies to determine the factors influencing epileptic patients' prescription refill adherence would be a logical next step in this field of research.
